INTRODUCTION
Sampling strategies for harder-to-reach populations continue to pose challenges for population health researchers. In the context of the HIV epidemic, groups most at risk for HIV, notably sex workers, people who inject drugs, and gay, bisexual, and transgender individuals, may also experience marginalization that limits their engagement with health services and research. 1 Traditional forms of probabilistic sampling, that rely on a sampling frame, are prohibitive given the lack of information of this kind among marginalized at-risk populations. Conventional forms of sampling harder-to-reach populations for HIV epidemiological research include convenience sampling and venue-based or time-location sampling. 1 These strategies, however, come with their own inherent sampling biases.
Respondent-driven sampling (RDS) has become a popular alternative, adaptive sampling strategy 2 in many global settings. 3 RDS is a method of long-chain peer referral recruitment with a strict set of assumptions for statistical adjustments that aim to account for the biases inherent in social network sampling. 4 RDS adjustments for network size and homophily can be applied to descriptive statistics as well as multivariable model building for statistical inference. 5 The theoretical constructs of RDS, 6 improving the validity of sample estimates [7] [8] [9] [10] and comparisons of RDS with other sampling strategies, 11 are extensively debated in the literature. In comparison, very little is published on the practical and operational realities of collecting these samples, which has led to a renewed call for more robust reporting practices on these issues. 12 Where extensively reviewed, the focus is on implementation challenges of conducting RDS in low-income settings. 13 Among RDS samples of MSM in high-income settings, the limited reporting has focused on identifying factors associated with the productivity of seeds, the purposively sampled individuals who begin the long-chain referral sampling process. For example, Reisner and colleagues, who sampled MSM in Massachusetts, USA, identified a number of sociodemographic factors that increased the odds of a seed recruiting two or more subsequent participants.
14 This important work has identified some of the challenges associated with operationalizing RDS, but limited in its ability to infer factors associated with productive recruiting in an entire RDS-generated sample. For example, a seed may be productive (having recruited his maximum allowable number of recruits), but if these participants are not, the network will not grow. Thus, the purpose of this study is to identify independent predictors of more productive recruiters in a RDS urban, high-income setting sample of men who have sex with men by using a Bcount^outcome.
METHODS

Data Source and Study Procedures
Data were taken from the Momentum Health Study, a longitudinal cohort of MSM, recruited by RDS in Metro Vancouver, Canada. Eligibility criteria for the study included being at least 16 years of age, gender identifying as a man (regardless of sex at birth), having reported sex with a man in the previous 6 months, being able to complete a questionnaire in English, currently residing in Metro Vancouver, and being and recruited by a peer (or be a purposively selected seed). Study staff administered a screening tool to identify potentially ineligible participants. After a free and informed consent was given by the participant, men were asked to complete a computer-assisted self-interview (CASI) behavioral questionnaire that asked about their demographics, HIV testing (and treatment), sexual behaviors, substance use patterns, community participation and connectedness, RDS-specific social network data, and knowledge and attitudes towards HIV and prevention. Participants then completed a nurse-administered clinical questionnaire and rapid point-of-care HIV test and serological tests for syphilis and hepatitis C virus.
Following completion of the study procedures, men were asked to help the study by recruiting their peers. Following a short training session by study staff, who explained the importance of recruiting other eligible participants within their social or sexual networks, participants were given up to six RDS coupons to pass on to their potential recruits. Compensation for participation included a $50 honourarium and $10 for each eligible recruit who successfully completed a study visit. The University of British Columbia -Providence Healthcare Research Institute, Simon Fraser University, and University of Victoria granted ethical approval for this study.
Data Measures
The primary outcome measure for this analysis was a count of each participant's total number of recruited eligible participants. The maximum number of RDS coupons given out by study staff to each participant was six, although no participants recruited more than five eligible peers. Thus, the range of responses of the primary outcome variable was zero to six. Independent variables of interest included age (continuous), self-reported participant network size (continuous), sexual identity (gay, bisexual, or other, including two-spirit and queer), race/ethnicity (White, Asian, Aboriginal, Latin American, or other), annual income (G$30,000 versus ≥ $30,000), HIV status (negative, positive), ever tested for HIV versus not, partnership status (common law/married, not common law/married, or not partnered/single), recent types of sexual partners (only males, mostly males, or mostly/only females), whether the participant reported being out to their paternal parent or guardian versus not, whether the participant read gay newspapers in the past 6 months or not, whether the participant sought sex partners online in the past 6 months or not, and how much of the participant's social time was spent with other gay guys (≤25, 26-50, 50-75, or 975 %).
Data Analysis
Descriptive statistics were used to characterize the data using SAS version 9.3 (SAS Institute, Cary, North Carolina). Recruitment weights were generated to account for differences in recruitment and homophily (characteristics determined a priori to be strongly associated with the formation of social ties) and degree weights were generated to account for variations in network size (reported number of members of the population known by each participant). These were calculated using RDSAT version 7.1.46 developed by Heckathorn. 4 Poisson regression was preferred over negative binomial regression as the data dispersion was not deemed significant. Poisson regression was determined most appropriate to identify participant characteristics associated with an increased count in the number of each participant's eligible recruits. Application of the Vuong test 15 found that a zeroinflated Poisson model was significantly preferred over a standard Poisson model. The final multivariable model was selected using backward selection criteria that minimized the Aikaike Information Criterion (AIC). Results are presented as risk ratios (RRs), interpreted as the increased risk associated with recruiting one additional recruit, and 95 % confidence intervals (CI) are presented. All significance
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tests were two-sided, and p values of less than 0.05 were considered statistically significant.
RESULTS
In total, 719 individuals contributed to this analysis, of whom 119 were seeds. Of these, 587 (81.6 %) were given six RDS coupons, 78 (10.8 %) were given one to five RDS coupons, and 54 (7.5 %) were not given any coupons, either because our sample size was nearly achieved or because study staff questioned the eligibility of participants and their recent recruits. Across all participants, a total of 3705 RDS coupons were issued. In terms of successful recruitment of eligible MSM, 391 (54.4 %) recruited none, 161 (22.4 %) recruited one, 94 (13.1 %) recruited two, 49 (6.8 %) recruited three, 16 (2.2 %) recruited four, and eight (1.1 %) recruited five. Figure 1 shows the distribution of the primary outcome variable, number of RDS coupons redeemed by eligible participants. Table 1 shows the overall characteristics of the sample. For variables characterized by proportions, an RDS adjusted proportion and associated 95 % CI are presented. A number of crude proportions for independent variables did not fall within 95 % CI around RDS estimates: bisexual identity, self-identifying as White, income, reporting sex with only males, being out to a paternal parent/guardian, reading gay newspapers, and social time spent with other gay men. The median age of was 33 years (Q1, Q3: 26, 47) and a majority identified as gay (80. 
DISCUSSION
Our study found that having a larger network size, being Aboriginal, HIV-positive, exclusively sexual with males, relationally single, reading gay newspapers, and cruising online as independent predictors of recruiting additional participants to our sample. This is the first analysis, to our knowledge, to build a Poisson regression multivariable model to identify independent predictors of having recruited additional participants within an RDS study. A major strength of our work is its use of all recruitment data, not restricted to the limited data provided by RDS seeds, with the aim of identify factors associated with productive recruiting in the entire sample. This approach adds additional value to the study conducted by Reisner and colleauges 14 that applied logistic regression to identify factors associated with seeds recruiting two or more recruits. By applying Poisson regression methods, this study was able to use a more nuanced outcome. However, readers should be cautious in interpreting our findings as they may be specific to an urban-based MSM population and not generalizable to other settings.
There are three important dividends for RDS implementation that can be ascertained from our work. Most notably, our finding demonstrating social network size to be a significant independent predictor of productive recruitment underlines the importance of making statistical adjustments to RDS samples to account for a network size bias. Network size bias is a key component of RDS statistical adjustment 6 (along with homophily) and this study's finding that network size independently predicts productive recruitment, validates the importance of this bias adjustment in generating RDS-weighted proportions.
Second, our study finding indicates that gay community connectedness is an important factor in determining productive recruitment. As noted here, men who only have male sex partners were 2.5 times more likely to recruit an additional participant, compared with men who reported having mostly or only female partners, after controlling for all other variables in the model, which included network size. Men who reported reading gay newspapers were also significantly more likely to recruit an additional participant. These findings suggest that men participating in the social and sexual networks of Vancouver's gay communities and demonstrating greater community connectedness are most likely to recruit subsequent participants. This finding speaks to the importance of targeted seed selection and real-time recruitment monitoring. A further exploration of homophily would help understand whether the factors associated with more productive recruitment are similar to those with high homophily (more likely to recruit similar individuals).
Finally, our work demonstrates that RDS is an important tool for the recruitment of marginalized MSM in settings often considered very vulnerable for participants. and the fact that these groups were productive recruiters may speak to the advantage of RDS in recruiting more vulnerable populations that may exhibit closer social connectedness as a result of their marginalization. Conversely, the previous sample of gay and bisexual men collected in Vancouver by time-location sampling, recruited a proportionately smaller number of low-income and HIV-positive MSM. 18 However, it is worth noting that income and age, two other predictors of socioeconomic status, were not significant in our final multivariable Poisson model. This is supported by Kendall et al., 19 but in contrast to a finding reported by McCreesh and colleagues that younger men and lower SES less likely to be recruited in their sample. 20 It also may explain the finding reported by Kuhns and colleagues 21 of short recruitment chains and a segmentation in patterns of recruitment by race/ethnicity among young MSM in Chicago, where community connectedness and the vulnerabilities experienced by this population are not homogenous.
This analysis presents an opportunity to explore further strategies to balance RDS theory and practice in an effort to promote recruitment and generate the most representative samples. 22 This includes innovative strategies for recruitment, such as electronic RDS coupons, and operational factors like study site location and coupon design, that may also facilitate more productive recruiting. 23 Consideration of these factors when implementing RDS means researchers must think beyond the theoretical underpinnings of the methodology and consider operational factors that will help optimize data collection in each context-dependent setting.
In conclusion, our study identified a number of sociodemographic, network, and social variables that independently predicted an increased number of eligible recruits by participants in a RDS sample of MSM in Metro Vancouver, Canada. More effort should be made to characterize recruitment dynamics in RDS generated samples and share strategies that may help researchers improve the operational realities of implementing this widely applied sampling strategy. As we prepare to recruit a second serial cross section of MSM in Vancouver and these findings will be considered when implementing the next RDS study.
